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Abstract 
 
 In this work, we propose two optical setups for two-players, non-zero and zero 
sum, quantum games in optical networks using light polarization of single-photon pulses, 
single-photon detectors and linear optical devices. The optical setups proposed can be 
easily implemented permitting a fast experimental realization of quantum games with 
present technology.  
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 Quantum games were introduced by Meyer [1] and Eisert [2] as generalization of 
classical games [3,4]. Some interesting proposals of implementations of quantum games 
based on the use of entanglement have been proposed [5-7]. In despite of their 
correctness, the experimental proposed setups are a little bit complicated to implement. In 
this work we present two optical setups (one for non-zero and other for zero sum) able to 
implement quantum games in optical networks using only linear optical devices and 
devices available with current technology. The non-zero sum game used is the well 
known two prisoners’ dilemma [2-6]. The performance of the setup here proposed for this 
game is limited by the performance of the single-photon detectors, losses in the optical 
devices, polarization control in optical networks and efficiency of the single-photon 
source used. On the other hand, the zero-sum game used is a kind of even-odd game 
using two entangled states. Since it is not possible to produce entangled states 
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Table 1: Payoffs for classical prisoner’s dilemma.  
Alice \ Bob H V 
H (2,2) (5,1) 
V (1,5) (4,4) 
deterministically using only linear optical devices [8-10], the setup for this game has its 
performance limited by the performance of single-photon source and detectors, losses in 
optical devices and probability of success of the linear optical setup to produce two 
entangled states.  
 
 The most famous quantum game is the quantum prisoner’s dilemma and, since it 
has been extensively discussed, here we will not be concerned with its details. In an 
optical implementation of the classical prisoners’ dilemma using light polarization, the 
payoff table could be as shown in Table 1. 
 
 
  
 
Hence, the two strategies are: 1) To use horizontal polarization. 2) To use vertical 
polarization. For this game, HH is the Nash equilibrium while VV is the Pareto 
equilibrium. On the other hand, the quantum prisoner’s dilemma can be played in an 
optical network using the optical setup shown in Fig. 1.  
 
In Fig. 1 C1 and C2 are optical circulators, M are common mirrors and L, L1 and L2 are 
fiber lengths obeying the relations L1>L and L2=(L1-L). After some calculations, one 
finds, for the input state [H+V]I[H+V]II, the output state 
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 .  (1) 
Table 2: Average Payoffs for quantum prisoner’s dilemma using setup in Fig. 1.  
         Bob 
Alice 
H+V 
(22,22) (52,12) H+V 
(12,52) (42,42) 
 
The state HH12, for example, means a horizontally polarized photon at output 1 and 
another horizontally polarized photon at output 2, while the state 0,HV12 means none 
photon at output 1 and two photons, one horizontally and other vertically polarized at 
output 2. The prisoner’s dilemma can be played using the setup of Fig. 1 in the following 
way: Alice chooses according to her strategy the values of the parameters  and  while 
Bob chooses according to his strategy the values of the parameters  and  (equivalently, 
one can think that Alice chooses the unitary matrix Ua such that UaH=H+V and 
Bob chooses the unitary matrix Ub such that UbH=H+V). Alice and Bob send their 
photons (inputs I and II, respectively) and after a known time that depends on the 
distance between Alice and Bob, they perform a polarization measurement in the optical 
pulse they have received (outputs 1 and 2, respectively). The possible results of a single 
measurement in Alice and Bob, according to (1), are: HH (having payoff (2,2)), VV 
(having payoff (4,4)), 0,HV (having payoff (1,5)) and HV,0 (having payoff (5,1)). The 
average payoffs are shown in Table 2.  
 
 
 
 
Considering the table of the average payoffs, the regions where Nash and Pareto 
equilibriums are equals are the squares (I) 02,20.443443… and (II) 
0.6006002,21. Hence, in those regions, when Alice tries to do the best to herself 
and Bob tries to do the best for himself, they are doing together the best for the society 
formed by both.  
For the zero-sum game, by its turn, one player wins what the other loses or when a 
player wins the other necessarily loses, as happens in the even-odd guessing game. A 
possible quantum implementation of a zero-sum two-player quantum game is presented 
in Fig. 2 [11], in which the players A and B, locally distant, use two pure bipartite 
entangled states. Initially, player A enters with qubits UA0(0+1)/21/2= 
(a0+b1)(0+1)/21/2 and player B enters with qubits UB0(0+1)/21/2= 
(c0+d1)(0+1)/21/2. The choices of UA and UB are, respectively, A’s and B’ 
strategies. The unitary matrix UAB is a four qubit operation providing as output two qubits 
for player A and two qubits for player B. The unitary operator UAB works as follows: 
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From (3) one realizes that A and B share two entangled states. The two first qubits (1 and 
2) are measured by A using the measurers 1AM  and 2AM , respectively, while and the last 
two qubits (3 and 4) are measured by B using the measurers 1BM  and 2BM , respectively. 
Considering these information, a simple game can be implemented using the following 
rules: player A wins (which implies that B loses) if the results of the measurements in 
1
AM  and 2
AM  are equal (the same happens with the results in B’s measurers). Obviously, 
B wins the game if the values measured by 1
BM  and 2
BM  are different (the same happen 
with the results of A’s detectors). The probabilities of A and B to win are, hence, given 
by: 
(2) 
(3) 
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Now, let us now consider the optical setup shown in Fig. 3 having the input state 
(aH+bV)(H+V)(cH+dV)(H+V). After some calculations one easily 
finds the output state is [12] 
 




	 VVVVbdHVHVbcVHVHadHHHHac 
1234  
 
where  is the state containing terms with at least one output with zero photons. 
Comparing (3) and (6) one sees that, when the quantum operation does not fail (one 
photon in each output), they are compatible. Moreover, having c=d===(0+1)/21/2, 
the output state (6), when it does not fail, is (HH+VV)13(aHH+bVV)24, exactly 
the type of state required for the realization of the proposed game. 
 
Summarizing, we have proposed two setups for implementation of quantum 
games in optical networks, one for the quantum prisoners’ dilemma and the other for a 
zero-sum game. Both setups use only linear optical devices, light polarization, single-
photon sources and single-photon detectors. Hence, both of them can be experimentally 
realized with present technology. Their performance is limited by losses in the optical 
devices (since single-photon pulses are used), efficiency of single-photon source and 
detectors, random polarization rotations in the optical channel and, in the case of the 
zero-sum game, the probabilistic behavior of the entangled states generation.  
(4) 
(5) 
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Figure 1: Optical setup for quantum prisoners’ dilemma game in an optical network. 
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Figure 2: Zero-sum quantum game using two entangled states. 
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Fig. 3 –Optical setup for zero-sum game. 
 
 
FIGURE 3 
 
 
 
 
 
 
 
